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INTERNAL COMBUSTION ENGINE WITH REGENERATOR 

INCORPORATION BY REFERENCE 
[0001] The disclosure of Japanese Patent Application No. 2001-110239 filed on 
5 April 9, 2001 including the specification, drawings and abstract is incorporated herein by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 

1 . Field of the invention 

10 [0002] This invention relates to an internal combustion engine equipped with a 

regenerator. 

2. Description of the related art 

[0003] Generally, when an internal combustion engine is running at temperatures 
under a predetermined temperature around combustion chambers, fuel atomization supplied to 
15 the combustion chambers deteriorates and so did exhaust gas emission due to quenching 
around walls of the combustion chambers. 

[0004] In order to obviate this problem, an internal combustion engine equipped 
with a regenerator is being developed which can accumulate heat generated from combustion 
when the engine is running. Then the accumulated heat is supplied to the engine when the 
20 engine is not running or the engine needs to be started. However, the amount of heat 

accumulated in the regenerator is limited, then a technology which utilizes the limited amount 
of heat effectively is being disclosed. 

[0005] According to Japanese patent application Laid-open No. 6-185359, the 
engine is equipped with a first coolant channel which supplies water coolant to a cylinder 
25 block, a second coolant channel which supplies coolant to a cylinder head independently and 
is connected to a regenerator. 

[0006] A regenerator in the internal combustion engine which is formed according 
to the above prior technology supplies heat to the cylinder head intensively through the 
second coolant channel. The heat is emitted from the regenerator when the engine is under 
30 cold conditions. As mentioned above, the limited amount of heat can be supplied to the 
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internal combustion engine effectively by supplying the heat accumulated in the regenerator 
to a cylinder head intensively. Therefore, emission performance and fuel efficiency can be 
improved. 

[0007] However, a coolant channel, which is connected to the cylinder head and the 
5 cylinder block, flows into both the cylinder head and the cylinder block. Water coolant 
flows into devices such as a radiator and a heater core which are located outside the internal 
combustion engine since some of the water coolant channels are connected to these devices. 
If heat is supplied to a part where heat supply is not needed, the temperature of coolant drops 
unnecessarily which increases heat consumption in the regenerator. If a regenerator with 
10 large volume is to be installed in a vehicle, a quite large device is needed which makes the 
installation difficult. Even if the installation is possible, fuel consumption and automobile 
performance deteriorates due to the increased mass. 

[0008] In this connection, an internal combustion engine needs to be warmed up 
before being started to start the internal combustion engine under warm conditions. 
15 However, it is difficult to precisely grasp the timing of starting the engine. Therefore, heat 
needs to be supplied to the internal combustion engine for a long period, when the timing of 
starting the engine is being delayed for some reason. The amount of heat accumulated in the 
regenerator is limited, and therefore it is important to utilize the heat effectively to supply heat 
to the internal combustion engine for a long period. 

20 

SUMMARY OF THE INVENTION 
[0009] It is an object of the invention to provide a technology to supply heat to an 
internal combustion engine for a long period even when the internal combustion engine is 
turned off. Therefore, deterioration of exhaust emission can be prevented. 

25 [0010] According to a first aspect of the invention, an internal combustion engine is 

equipped with an engine body, which includes a cylinder head and a cylinder block, and a 
regenerator which accumulates heat. The internal combustion engine further includes a 
circulation system which circulates a heat medium, a cylinder head part channel which 
circulates the heat medium into the cylinder head, a cylinder block part channel which 

30 circulates the heat medium into the cylinder block, a connecting channel which connects the 
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cylinder head part channel with the cylinder block part channel, a heat supply device that 
supplies heat accumulated in the regenerator to the internal combustion engine through the 
heat medium in the circulation channel, and a restraining device that restrains heat circulation 
in the connecting channel when heat is supplied by the heat supply device or the internal 
5 combustion engine is under cold conditions. 

[0011] In an internal combustion engine equipped with a regenerator according to 
the first aspect, the heat, which is generated when the internal combustion engine is running, 
is stored by the regenerator even after the internal combustion engine is turned off. The heat 
accumulated by the regenerator circulates into the circulation system through the heat medium. 

10 The heat medium passes the cylinder block part channel, the connecting channel, and the 

cylinder head part channel, all of which are provided in the internal combustion engine, after 
reaching the internal combustion engine. At this time, the heat medium supplies heat to the 
internal combustion engine. 

[0012] As described above, the regenerator loses heat by supplying heat to the 

15 internal combustion engine. On the other hand, the heat is supplied to the internal 

combustion engine so that the temperature of the internal combustion engine rises even before 
the internal combustion engine is starting. 

[0013] The restraining device restrains circulation of the heat medium in the 
connecting channel and in a part where heat supply is not needed in the internal combustion 

20 engine. For example, components of the internal combustion engine can be arranged in the 
way that the heat medium does not circulate in the cylinder block part channel since it is 
effective to mainly warm the cylinder head part to restrain deterioration of the exhaust gas 
emission. 

[0014] As described above, the limited amount of heat accumulated in a 
25 regenerator can be supplied to an internal combustion engine for long period by restraining 
unnecessary heat consumption. Furthermore, downsizing a regenerator and shortening time 
to supply heat have been made possible. 

[0015] The restraining device can be arranged in the way that circulation of the heat 
medium is shut off completely or can be a diaphragm through which the heat medium can 
30 circulate to a certain extent. Also, the restraining device can include a throttle valve which 
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controls the amount of heat medium circulation or can be a thermostat valve which 
automatically opens and closes according to temperatures of the heat medium. Furthermore, 
the restraining device can be a electromagnetic valve which controls opening and closing the 
valve from outside of an internal combustion engine. 
5 [0016] The restraining device can cancel restraining circulation of the heat medium 

when an internal combustion engine has started. The cancel can be conditioned on a period 
before and after starting an internal combustion engine or on that a certain time passes after 
starting an engine. Furthermore, the cancel can be conditioned on that the heat medium 
reaches a certain temperature. 

10 [0017] According to a second aspect of the invention, an internal combustion 

engine is equipped with an engine body, which includes a cylinder head and a cylinder block, 
and a regenerator which accumulates heat. The internal combustion engine further includes 
a circulation system which circulates the heat medium, a cylinder head part channel which 
circulates the heat medium into the cylinder head, a cylinder block part channel which 

15 circulates the heat medium into the cylinder block, a connecting channel which connects the 
cylinder head part channel with the cylinder block part channel, a heat supply device that 
supplies the heat accumulated in the regenerator to the internal combustion engine through the 
heat medium in the circulation channel, and a circulation direction restraining device that 
restrains circulation directions of the heat medium in the connecting channel. 

20 [0018] In an internal combustion engine equipped with a regenerator according to 

the second aspect, the heat, which is generated when the internal combustion engine is 
running, is stored by the regenerator even after the internal combustion engine is turned off. 
The heat accumulated by the regenerator circulates into the circulation system through the 
heat medium. The heat medium passes the cylinder block part channel, the connecting 

25 channel, and the cylinder head part channel, all of which are provided in the internal 

combustion engine, after reaching the internal combustion engine. At this time, the heat 
medium supplies heat to the internal combustion engine. 

[0019] As described above, the regenerator loses heat by supplying heat to the 
internal combustion engine. On the other hand, the heat is supplied to the internal 

30 combustion engine so that the temperature of the internal combustion engine rises even before 
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the internal combustion engine is starting. 

[0020] The circulation direction restraining device restrains circulation directions 
of the heat medium in the connecting channel and in a part where heat supply is not needed in 
the internal combustion engine. 
5 [0021] As described above, limited amount of heat accumulated in a regenerator 

can be supplied to an internal combustion engine for long period by restraining unnecessary 
heat consumption. Furthermore, downsizing a regenerator and shortening time to supply 
heat have been made possible. 

[0022] The circulation direction restraining device restrains circulating the heat 

10 medium from a part where heat supply is needed to a part where heat supply is not needed in 
the internal combustion engine. On the other hand, the circulation direction restraining 
device does not restrain circulating the heat medium from a part where heat supply is not 
needed to a part where heat supply is needed. The above-mentioned fact is especially effective 
when the circulation directions of the heat medium are the opposite depending on whether 

15 heat is supplied from the regenerator or the internal combustion engine is running. 

[0023] The circulation direction restraining device can be arranged in the way that 
circulation of the heat medium is shut off* completely or in the way that the heat medium can 
circulate to a certain extent. Furthermore, the circulation direction restraining device can be 
arranged to control circulation amount of the heat medium. 

20 [0024] The circulation direction restraining device can cancel restraining 

circulation of the heat medium when an internal combustion engine has started. The cancel 
can be conditioned on a period before and after starting an internal combustion engine or on 
that a certain time passes after starting an engine. Furthermore, the cancel can be conditioned 
on that the heat medium reaches a certain temperature. 

25 [0025] In an internal combustion engine equipped with a cylinder head and a 

cylinder block according to the second aspect described above, the circulation direction 
restraining device can be arranged in the way that circulation of the heat medium from the 
cylinder head to the cylinder block is restrained. 

[0026] In an internal combustion engine with a regenerator according to the above 

30 aspect, circulation of the heat medium from a cylinder head to a cylinder block can be 
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restrained when heat is supplied from the regenerator. Therefore, unnecessary heat supply at 
the cylinder block can be restrained. 

[0027] According to a third aspect of the invention, an internal combustion engine 
is equipped with a regenerator. The internal combustion engine further includes a circulation 
5 system which circulates the heat medium, a heat supply device that supplies heat accumulated 
in the regenerator to the internal combustion engine through the heat medium in the 
circulation system, a heat exchanger that lowers the temperature of the heat medium by 
conducting heat, and a connecting restraint device that restrains circulation of the heat 
medium in the heat exchanger when heat is supplied by the heat supply device or the internal 

10 combustion engine is under cold conditions. 

[0028] In an internal combustion engine equipped with a regenerator, according to 
the third aspect, the heat, which is generated when the internal combustion engine is running, 
is stored by the regenerator even after the internal combustion engine is turned off The heat 
accumulated by the regenerator circulates into the circulation system through the heat medium. 

15 The heat medium passes the cylinder block part channel, the connecting channel, and the 

cylinder head part channel, all of which are provided in the internal combustion engine, after 
reaching the internal combustion engine. At this time, the heat medium supplies heat to the 
internal combustion engine. 

[0029] The heat exchanger is connected to the internal combustion engine through 

20 the circulation channel. The internal combustion engine, whose temperature is raised during 
running, emits heat to the heat medium. The heat medium, which is supplied heat, reaches 
the heat exchanger after the circulation system. The heat medium emits its heat at the heat 
exchanger which enables the heat medium to accept heat supply again. 

[0030] However, when heat is supplied from the regenerator to the internal 

25 combustion engine and the heat medium passes the heat exchanger, the heat accumulated in 
the regenerator is emitted from the heat exchanger. The amount of heat which can be 
supplied to a part where heat supply is needed decreases when the heat is emitted from the 
heat exchanger since the amount of heat which can be accumulated in the regenerator is 
limited. Especially when the period from the beginning of heat supply to the start of the 

30 internal combustion engine is prolonged, the amount of heat decreases since the heat supply 
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may repeat and the heat is emitted from the heat exchanger as a result of each heat supply. 
Then the period of possible supplying heat to the internal combustion engine is shortened. 

[0031] To obviate the above-mentioned problem, the connecting restraint device 
restrains circulation of the heat medium in the circulation channel located between the internal 
5 combustion engine and the heat exchanger. The connecting restraint device can be arranged 
in the way that circulation of the heat medium is shut off completely or can be a diaphragm 
through which the heat medium can circulate to a certain extent. Also, the connecting 
restraint device can include a throttle valve which controls the amount of heat medium 
circulation. 

10 [0032] The connecting restraint device can cancel restraining circulation of the heat 

medium when an internal combustion engine has started. The cancel can be conditioned on 
a period before and after starting an internal combustion engine or on that a certain time 
passes after starting an engine. Furthermore, the cancel can be conditioned on that the heat 
medium reaches a certain temperature. 

15 [0033] The heat exchanger can be a heater for a vehicle compartment according to 

the invention. 

[0034] According to a fourth aspect of the invention, an internal combustion engine 
is equipped with a regenerator. The internal combustion engine further includes a circulation 
system which circulates the heat medium, a heat supply device that supplies heat accumulated 

20 in the regenerator to the internal combustion engine through the heat medium in the 

circulation system, a bypass channel which connects a part on the side of the inlet of the 
internal combustion engine with a part on the side of the outlet of the internal combustion 
engine, a temperature controller that reintroduces the heat medium, which circulates into the 
internal combustion engine when the internal combustion engine is under cold conditions, to 

25 the internal combustion engine through the bypass channel, and a connecting restraint device 
that restrains circulation of the heat medium in the bypass channel when heat is supplied from 
the regenerator. 

[0035] In an internal combustion engine equipped with a regenerator according to 
the fourth aspect, the heat, which is generated when the internal combustion engine is running, 
30 is stored by the regenerator even after the internal combustion engine is turned off. The heat 
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accumulated by the regenerator circulates into the circulation system through the heat medium. 
The heat medium passes the cylinder block part channel, the connecting channel, and the 
cylinder head part channel, all of which are provided in the internal combustion engine, after 
reaching the internal combustion engine. At this time, the heat medium supplies heat to the 
5 internal combustion engine. 

[0036] It is important to rapidly raise the temperature of the internal combustion 
engine since the exhaust emission may deteriorate when the temperature of the internal 
combustion engine is low right after starting. Then, the temperature controller circulates the 
heat medium into the internal combustion engine through the bypass channel not to emit the 
10 heat, which is emitted by the internal combustion engine, through a device such as the heat 
exchanger. As described above, rapid raising temperature of the internal combustion engine 
is possible. 

[0037] However, when heat is supplied from the regenerator to the internal 

combustion engine and some of the heat medium circulates into the bypass channel, the heat 
15 from the heat medium in the bypass channel is not supplied to the internal combustion engine. 

Therefore, the amount of heat supplied to the internal combustion engine is decreased. 

Under this condition, the effect of heat supply from the regenerator is decreased. 

[0038] The connecting restraint device can increase the effect of heat supply by 

restrain circulating the heat medium into the bypass channel. The connecting restraint 
20 device can be arranged in the way that circulation of the heat medium is shut off completely 

or can be a diaphragm through which the heat medium can circulate to a certain extent. Also, 

the connecting restraint device can include a throttle valve which controls the amount of heat 

medium circulation. 

[0039] The connecting restraint device can cancel restraining circulation of the heat 
25 medium when an internal combustion engine has started. The cancel can be conditioned on 
a period before and after starting an internal combustion engine or on that a certain time 
passes after starting an engine. Furthermore, the cancel can be conditioned on that the heat 
medium reaches a certain temperature. 

[0040] According to the third and fourth aspects, the connecting restraint device 
30 can be a thermostat valve which opens at a predetermined temperature or above. 
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[0041] According to the third and fourth aspects, the connecting restraint device 
can be a pressure-sensing valve which opens according to a difference in pressure of the heat 
medium before and after the connecting restraint device. 

[0042] According to the third and fourth aspects, the connecting restraint device 
5 can be a one-way valve which opens when the valve receives pressure in a predetermined 
direction. 

[0043] According to the third and fourth aspects, the connecting restraint device 
can be a electromagnetic opening and closing valve. 

[0044] According to a fifth aspect of the invention, an internal combustion engine 

10 is equipped with a regenerator. The internal combustion engine further includes a circulation 
system which circulates the heat medium, a heat supply device that supplies heat accumulated 
in the regenerator to the internal combustion engine through the heat medium in the 
circulation system, a bypass channel which connects a part on the side of the inlet of the 
internal combustion engine with a part on the side of the outlet of the internal combustion 

15 engine, and a temperature controller that introduces the heat medium, which circulates into 
the internal combustion engine when the internal combustion engine is under cold conditions, 
to the internal combustion engine again through the bypass channel. Furthermore, the 
bypass channel includes the regenerator. 

[0045] In an internal combustion engine equipped with a regenerator according to 

20 the fifth aspect, the heat, which is generated when the internal combustion engine is running, 
is stored by the regenerator even after the internal combustion engine is turned off. The heat 
accumulated by the regenerator circulates into the circulation system through the heat medium. 
The heat medium passes the cylinder block part channel, the connecting channel, and the 
cylinder head part channel, all of which are provided in the internal combustion engine, after 

25 reaching the internal combustion engine. At this time, the heat medium supplies heat to the 
internal combustion engine. 

[0046] The bypass channel connects a part through which the heat medium flows 
into the internal combustion engine with a part through which the heat medium flows out of 
the internal combustion engine. 

30 [0047] It is important to rapidly raise the temperature of the internal combustion 
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engine since the exhaust emission may deteriorate when the temperature of the internal 
combustion engine is low right after starting. Then, the temperature controller circulates the 
heat medium into the internal combustion engine through the bypass channel until the heat 
medium reaches a predetermined temperature not to emit the heat, which is emitted by the 
5 internal combustion engine, through a device such as the heat exchanger. As described 
above, rapid raising temperature of the internal combustion engine is possible. 

[0048] According to the fifth aspect, the circulation system, which circulates the 
heat medium, and the bypass channel, which circulates the heat medium when the 
temperature of the heat medium is low and the internal combustion engine is running, are in 
10 common. 

[0049] According to the fifth aspect, heat can be supplied to the internal 
combustion engine no matter whether the internal combustion engine is running or not. And 
simplification of the device is possible. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] Fig. 1 is a schematic view of an engine applying the regenerator of the 
internal combustion engine according to the first embodiment and cooling channels in which 
water coolant circulates. 

[0051] Fig. 2 is a block diagram which shows internal components of an ECU. 
20 [0052] Fig. 3 is a view of the circulation directions of water coolant when engine- 

preheat is controlled according to the first embodiment. 

[0053] Fig. 4 is a flow chart which indicates flow of the engine-preheat according 
to the first embodiment. 

[0054] Fig. 5 is a schematic view of an engine applying to the regenerator of the 
25 internal combustion engine according to the second embodiment and cooling channels in 
which water coolant circulates. 

[0055] Fig. 6 is a schematic view of an engine applying to the regenerator of the 
internal combustion engine according to the third embodiment and cooling channels in which 
water coolant circulates. 

30 [0056] Fig. 7 is a view of the circulation directions of water coolant when engine- 

10 
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preheat is controlled according to the third embodiment. 

[0057] Fig. 8 is a schematic view of an engine applying to the regenerator of the 
internal combustion engine according to the fourth embodiment and cooling channels in 
which water coolant circulates. 
5 [0058] Fig. 9 is a view of the circulation directions of water coolant when engine- 

preheat is controlled according to the fourth embodiment. 

[0059] Fig. 10 is a schematic view of an engine applying to the regenerator of the 
internal combustion engine according to the fifth embodiment and cooling channels in which 
water coolant circulates. 

10 [0060] Fig. 1 1 is a view of the circulation directions of water coolant when engine- 

preheat is controlled according to the fifth embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0061] The following explains detailed preferred embodiments according to the 
15 drawings mentioned above. This part explains a regenerator of the internal combustion 

engine according to the invention by giving the example of applying a regenerator to a direct- 
injection gasoline engine. 

THE FIRST EMBODIMENT 

[0062] Fig. 1 is a schematic view which shows an engine 1 applying a regenerator 
20 of the internal combustion engine according to the first embodiment and water coolant 
channels A, B, C, and D (circulation channels). The arrows indicated in the circulation 
channels represent the flowing directions of water coolant when the engine 1 is running. 
[0063] The engine 1 shown in Fig. 1 is a water-cooled 4-cycle gasoline engine. 
[0064] The engine 1 includes a cylinder head la, a cylinder block lb which is 
25 connected to the lower part of the cylinder head la, an oil pan lc which is connected to the 
lower part of the cylinder block lb. 

[0065] The cylinder head la and the cylinder block lb are equipped with a water 
jacket 23 through which water coolant circulates. A water pump 6, which sucks in water 
coolant outside the engine 1 and spurts out the water coolant inside the engine 1, is provided 
30 at the inlet of the water jacket 23 . The water pump 6 is driven by torque of the output shaft 
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of the engine 1 . In other words, the water pump 6 can only be driven when the engine 1 is 
running. Furthermore, the engine 1 is equipped with an in-engine water coolant temperature 
sensor 29 which transmits the signals according to water coolant temperature in the water 
jacket 23. 

[0066] There are four circulation channels as channels to circulate water coolant 
through the engine 1 . The four circulation channels are a circulation channel A which 
circulates through a radiator 9, a circulation channel B which circulates through a heater core 
13, a circulation channel C which circulates through a regenerator 10, and a circulation 
channel D which circulates in the engine 1 . Each circulation channel shares a section with 
the other circulation channels. 

[0067] The circulation channel A has the main function of lowering water coolant 
temperature by emitting heat of the water coolant from the radiator 9. 

[0068] The circulation channel A includes a radiator inlet-side channels Al, a 
radiator outlet- side channel A2, the radiator 9, and the water jacket 23. One end of the 
radiator inlet-side channel Al is connected to the cylinder head la. The other end of radiator 
inlet-side channel Al is connected to the inlet of the radiator 9. 

[0069] One end of the radiator outlet-side channel A2 is connected to the outlet of 
the radiator 9. The other end of the radiator outlet-side channel A2 is connected to the 
cylinder block lb. The radiator outlet-side channel A2 which starts from the outlet of the 
radiator 9 to the cylinder block includes a thermostat 8. The thermostat 8 has the function of 
opening the valve when the water coolant temperature reaches a predetermined temperature. 
The water pump 6 is located between the radiator outlet-side channel A2 and the cylinder 
block. 

[0070] The water jacket 23 includes a head-side water jacket 23a and a block-side 
water jacket 23b. The head-side water jacket 23 a, which cools the cylinder head la, is 
provided mainly at the cylinder head la. The block-side water jacket 23b, which cools the 
cylinder block lb, is provided mainly at the cylinder block lb. The head-side water jacket 
23a and the block-side water jacket 23b are connected through a connecting channel 23c. 
The connecting channel 23c includes a shut-off valve 38 which opens and closes according to 
the signals from an ECU 22. 

12 
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[0071] The circulation channel B has the main function of raising ambient 
temperature in a compartment by emitting heat of water coolant from the heater core 13. 

[0072] The circulation channel B includes a heater core inlet-side channel Bl, a 
heater core outlet-side channel B2, the heater core 13, and the water jacket 23. One end of 
5 the heater core inlet-side channel Bl is connected to midway of the radiator inlet-side channel 
Al. A channel from the cylinder head la to the connection described above, which is a part 
of the heater core inlet-side channel Bl, is shared by the radiator inlet-side channel Al. The 
other end of the heater core inlet-side channel Bl is connected to the inlet of the heater core 
13. A shut-off valve 31, which is opened and closed by the signals from an ECU 22, is 

10 located midway of the heater core inlet-side channel Bl. One end of the heater core outlet- 
side channel B2 is connected to the outlet of the heater 13. The other end of the heart core 
outlet-side channel B2 is connected to a thermostat 8 which is located midway of the radiator 
outlet-side channel A2. A channel from the connection described above to the cylinder 
block lb and the water jacket 23 are shared by the radiator outlet-side channel A2. 

15 [0073] The circulation channel C has the main function of warming the engine 1 by 

accumulating heat of water coolant and emitting the stored heat. 

[0074] The circulation channel C includes a regenerator inlet-side channel CI, a 
regenerator outlet-side channel C2, the regenerator 10, and the water jacket 23. The 
following is how the circulation channel C is connected. One end of the regenerator inlet- 

20 side channel CI is connected to a point midway of the radiator outlet-side channel A2. A 
channel from the cylinder head la to the connection described above is shared by the 
circulation channel A and B. The other end of the regenerator inlet-side channel CI is 
connected to the inlet of the regenerator 10. One end of the regenerator outlet-side channel 
C2 is connected to the outlet of the regenerator 10. The other end of the regenerator outlet- 

25 side channel C2 is connected to a point midway of the radiator inlet-side channel Al. The 
circulation channel C shares a part of the circulation channel A, B and the water jacket 23 in 
the engine 1. And check valves 11, which circulate water coolant only in the direction 
shown in Fig. 1, are located at the inlet and outlet of the regenerator 10. An in-regenerator 
water coolant temperature sensor 28, which transmits the signals according to temperature of 

30 the water coolant stored in the regenerator 10, is provided in the regenerator 10. 

13 



TFN020007-US 



Furthermore, an electric water pump 12 is located midway of the regenerator inlet-side 
channel CI and upstream-side of the check valve 11. 

[0075] The circulation channel D has the main function of circulating water coolant 
until the water coolant reaches a predetermined temperature. The circulation channel D 
5 includes the water jacket 23 and a bypass channel 23d. One end of the bypass channel is 
connected to the outlet-side of the water jacket 23. On the other hand, the other end of the 
bypass channel 23d is connected to the inlet of the water pump 6 through the thermostat 8. 

[0076] A water pump on the circulation channels according to the above 
description works as follows. Torque from a crankshaft (not shown) is transmitted to the 

10 input shaft of the water pump 6 when the engine 1 is running. Then the pump 6 spurts out 
water coolant driven by pressure according to the torque transmitted to the input shaft of the 
water pump 6. On the other hand, water coolant does not circulate in the circulation channel 
A when the engine 1 is turned off since the water pump 6 is turned off. 

[0077] The water coolant spurted out of the water pump 6 circulates through the 

15 water jacket 23. At this time, heat is conducted through the cylinder head la, the interior of 
the cylinder block lb, and the water coolant. Some of the heat generated by combustion in 
the cylinders (not shown) is conducted to the walls of the cylinders. Then the heat is 
conducted to the cylinder head la and the interior of the cylinder block lb. As a result, 
temperatures at the cylinder heads la and the entire cylinder block rise. Some of the heat 

20 conducted to the cylinder head 1 a and the cylinder block Ibis conducted to the water coolant 
in the water jacket 23. Then the temperature of the water coolant is raised. As a result, 
temperatures at the cylinder head la and the cylinder block lb drop due to heat loss. As 
described above, the temperature of the water coolant is raised and the water coolant flows 
out to the radiator inlet-side channel Al from the cylinder block. 

25 [0078] The water coolant, which flows out to the radiator inlet-side channel Al, 

flows into the radiator 9 after flowing through the radiator inlet-side channel Al. At this 
time, heat is conducted to outside air from the water coolant. Some of the heat of the high- 
temperature water coolant is conducted to the walls of the radiator 9. And the heat is 
conducted to the interior of the radiator 9 which leads to raising the temperature of the entire 

30 radiator 9. Then some of the heat, which is conducted to the radiator 9, is conducted to 
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outside air. As a result, the temperature of the outside air rises. And the temperature of the 
water coolant drops due to heat loss. The lower-temperature water coolant flows out of the 
radiator 9. 

[0079] The water coolant, which flows out of the radiator 9, reaches the thermostat 

5 8 after flowing through the radiator outlet-side channel A2. When the water coolant, which 
flows through the heater core outlet-side channel B2, reaches a predetermined temperature, 
wax expands to a certain extent. Then the thermostat 8 opens automatically by the heat 
expanding of the wax. In other words, the radiator outlet-side channel A2 is shut off when 
the water coolant, which flows through the heater core outlet-side channel B2, does not reach 

10 a predetermined temperature. As a result, the water coolant in the radiator outlet-side 
channel A2 cannot pass the thermostat 8. 

[0080] The water coolant, which passes through the thermostat 8, flows into the 
water pump 6 when the thermostat 8 is open. 

[0081] As described above, the thermostat 8 opens and water coolant circulates in 

15 the radiator 9 only when the water coolant reaches a predetermined temperature. The lower- 
temperature water coolant, which flows through the radiator 9, is spurted out of the water 
pump 6 to the water jacket 23. Then the temperature of the water coolant rises again. 

[0082] In the meantime, some of the water coolant, which flows through the 
radiator inlet-side channel Al, flows into the heater core inlet-side channel Bl. 

20 [0083] The water coolant, which flows into the heater core inlet-side channel B 1 , 

reaches the shut-off valve 31 after flowing through the heater core inlet-side channel BL 
The shut-off valve 3 1 is operated by the signals from the ECU 22. The valve is open when 
the engine 1 is running and the valve is closed when the engine 1 is turned off. The water 
coolant reaches the heater core 13 after passing the shut-off valve 31 and flowing through the 

25 heater core inlet-side channel Bl when the engine 1 is running. 

[0084] The heater core 13 exchanges heat with air in a compartment. The air 
warmed by the heat conduction circulates in the compartment by a fan (not shown). As a 
result, ambient temperature in the compartment rises. Then the water coolant merges into 
the radiator outlet-side channel A2 after flowing out of the heater core 13 and flowing through 

30 the heater core outlet-side channel B2. At this time, the water coolant flows into the water 
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pump 6 after merging with the water coolant in the circulation channel A when the thermostat 
8 is open. On the other hand, the water coolant, which flows through the circulation channel 
B, flows into the water pump 6 when the thermostat 8 is closed. 

[0085] As described above, the water coolant, which drops its temperature after 
5 flowing through the heater core 1 3, is spurted out of the water pump 6 to the water jacket 23 
again. 

[0086] In this connection, it is necessary that water coolant temperature be raised 
rapidly when the temperature of the water coolant is lower than a predetermined temperature. 
In this case, the water coolant drops its temperature when flowing through radiator. 

10 Therefore, it is possible that the water coolant does not reach the predetermined temperature; 
otherwise it takes a while for the water coolant to reach the predetermined temperature. To 
prevent the above-mentioned status, the thermostat 8 is provided so that the water coolant 
does not circulate in the radiator 9 and drop its temperature since the thermostat 8 is 
automatically closed. And coolant does not circulate in the heater core 13 if the shut-off 

15 valve is kept closed. Furthermore, low-temperature water coolant does not reversely flow 
into the regenerator 10 since the regenerator 10 is located between the check valves 11. 

[0087] As described above, only the circulation channel D can circulate water 
coolant when the water coolant temperature is low. The water coolant, which circulates 
through the circulation channel D, is supplied heat from the engine 1. Then the temperature 

20 of the water coolant rises gradually. The thermostat 8 automatically opens and the water 
coolant emit its heat through the radiator 9 when water coolant temperature detected by the 
signals from the in-engine water coolant temperature sensor is above a predetermined 
temperature. 

[0088] As described above, water coolant temperature can be kept approximately 
25 constant since water coolant circulates in the circulation channel D when water coolant 
temperature is low and water coolant circulates in the circulation channel A when water 
coolant reaches a predetermined temperature. 

[0089] The engine 1 formed according to the above description has the electronic 
control unit (ECU hereafter) 22 to control the engine 1. This ECU 22 controls running status 
30 of the engine 1 according to running conditions of the engine 1 and requirements from a user. 
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The ECU 22 also has the function of temperature raising control (engine-preheating control) 
when the engine 1 is turned off. The ECU 22 is connected to various sensors such as a crank 
position sensor, the in-regenerator water coolant temperature sensor 28 and the in-engine 
water coolant temperature sensor 29. These sensors are connected to the ECU 22 through 
5 electrical wiring so that output signals from the sensors can be inputted to the ECU 22. 

[0090] Furthermore, the ECU 22 is connected through electrical wiring with 
various components in the engine 1 such as the electric water pump 12, the shut-off valve 31, 
the shut-off valve 38, and a shut-off valve 39 to control these components. 

[0091] As shown in Fig. 2, the ECU 22 is equipped with a CPU 351, a ROM 352, a 

10 RAM 353, a backup RAM 354, an input port 356, and an output port 357 all of which are 

connected each other by a bi-directional bus 350. The input port 356 is connected to an A/D 
converter 355 (A/D 355 hereafter). 

[0092] The input port 356 inputs output signals from sensors such as the crank 
position sensor 27 which outputs digital signals. Then the input port 356 transfers these 

15 signals to the CPU 35 1 and the RAM 353. 

[0093] The input port 356 inputs output signals through the A/D 355 which outputs 
analog signals such as the in-regenerator water coolant temperature sensor 28, the in-engine 
water coolant temperature sensor 29, and a battery 30. Then the input port 356 transfers 
these signals to the CPU 351 and the RAM 353. 

20 [0094] The output port 357 is connected through electrical wiring with various 

components in the engine 1 such as the electric water pump 12, the shut-off valve 31, the 
shut-off valve 38, and the shut-off valve 39. And the output port 357 transfers the control 
signals outputted from the CPU 351 to the above-mentioned components such as the electric 
water pump 12, the shut-off valve 3 1, the shut-off valve 38, and the shut-off valve 39. 

25 [0095] The ROM 352 stores application programs such as engine preheat- 

controlling routine to supply heat from the regenerator 10 to the engine 1. 

[0096] In addition to the above-mentioned application program, the ROM 352 
stores various control maps such as fuel injection-controlling map which shows relation 
between running status of the engine 1 and basic fuel injection amount (basic fuel injection 

30 time). The following two control maps can be presented as other examples of control maps. 
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Fuel injection timing-controlling map shows relation between running status of the engine 1 
and basic fuel injection timing. And shut -off valve control map shows relation between 
water coolant temperature and opening and closing status of the shut-off valves 31,38, and 39. 

[0097] The RAM 353 stores output signals from each sensor, arithmetic result from 
5 the CPU 351 and so on. Engine revolution calculated according to pulse signal intervals 
from the crank position sensor 27 can be presented as an example of arithmetic result. Data 
are updated whenever the crank position sensor outputs pulse signals. 

[0098] The RAM 354 is nonvolatile memory which can store data even if the 
engine 1 is turned off. 

10 [0099] The following explains summary of temperature raising control (engine- 

preheating control hereafter) of the engine 1 according to the present embodiment. 

[0100] When the engine 1 is running, the ECU 22 transfers signals to the electric 
water pump 12 to start the pump. Then water coolant circulates in the circulation channel C. 
[0101] Some of the water coolant, which flows through the heater core outlet-side 

15 channel B2, flows into the regenerator inlet-side channel CI . The water coolant, which 
flows into the regenerator inlet-side channel CI, reaches the electric water pump 12 after 
flowing through the regenerator inlet-side channel CI . The electric water pump 12 is driven 
according to the signals from the ECU 22 and spurts out water coolant with a predetermined 
pressure. 

20 [0102] The water coolant, which is spurted out of the electric water pump 12, 

reaches the regenerator 10 after flowing through the regenerator inlet-side channel CI and 
passing the check valve 1 1 . The regenerator 10 has evacuated heat insulation space between 
the exterior of a container 10a and the interior of a container 10b. And the water coolant, 
which flows in through a water coolant injection tube 10c, flows out of a water coolant 

25 extraction tube lOd. 

[0103] The water coolant, which flows into the regenerator 10, is insulated from 
outside. The water coolant, which flows out of the regenerator 10, flows into the radiator 
inlet-side channel Al after passing the check valve 11 and flowing through the regenerator 
outlet-side channel C2. 

30 [0104] As described above, the water coolant, whose temperature is raised by the 
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engine 1, flows through the interior of the regenerator 10. And the interior of the regenerator 
10 is filled with high-temperature water coolant. Then the high-ternperature water coolant 
can be stored in the regenerator 10 when the ECU 22 stops operating the electric water pump 
12 after the engine 1 is turned off By the insulation effect of the regenerator 10, dropping 
5 temperature of the stored water coolant is restrained. The ECU 22 also performs engine- 
preheating control of the cylinder head la by circulating the high-temperature water coolant, 
which is stored in the regenerator 10, in the circulation channel C. 

[0105] Fig. 3 shows the water coolant circulation channels and the circulation 
directions of water coolant when heat from the regenerator 10 is supplied to the engine 1 and 

10 the engine 1 is turned off. 

[0106] The water coolant circulation in the head-side water jacket 23a when heat is 
supplied to the engine 1 from the regenerator is in the opposite direction to the water coolant 
circulation when the engine 1 is running. 

[0107] The shut-off valve 3 1, the shut-off valve 38, and the shut-off valve 39 are 

15 closed by the ECU 22 when the engine-preheating control is performed. The electric water 
pump 12 is driven according to the signals from the ECU 22 and spurts out water coolant with 
a predetermined pressure. The spurted out water coolant reaches the regenerator 10 after 
flowing through the regenerator inlet-side channel CI and passing the check valve 11. At 
this time, the water coolant, which flows into the regenerator 10, is the water coolant whose 

20 temperature is lowered when the engine 1 is turned off. 

[0108] The water coolant, which is stored in the regenerator 10, flows out of the 
regenerator 10 through the water coolant extraction tube lOd. At this time, the water coolant, 
which flows out of the regenerator 10, is the water coolant which is insulated by the 
regenerator 10 after flowing into the regenerator 10 when the engine 1 is running. The water 

25 coolant, which flows out of the regenerator 10, flows into the cylinder head la after passing 
the check valve 11 and flowing through the regenerator outlet-side channel C2. When the 
engine 1 is turned off, water coolant does not circulate in the heater core 13 since the shut-off 
valve 3 1 is closed according to the signal from the ECU 22. And when water coolant 
temperature is higher than the opening valve temperature of the thermostat 8, it is not 

30 necessary to supply heat from the regenerator 1 0 to the engine 1 . In other words, when 
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water coolant circulates and the engine 1 is turned off, the thermostat 8 is always closed. 
Therefore, the water coolant temperature does not drop due to heat conduction since water 
coolant does not circulate in the heater core 13 and the radiator 9. 

[0109] The water coolant, which flows into the cylinder head la, flows through the 
5 head-side water jacket 23a. The cylinder head la exchanges heat with the water coolant in 
the head-side water jacket 23. Some of the heat from the water coolant is conducted to the 
interior of the cylinder head la and the temperature of the entire cylinder head la rises. As a 
result, the temperature of the water coolant drops due to heat loss. At this time, the water 
coolant does not flow into the block-side water jacket 23b since the shut-off valve is closed by 

10 the signal from the ECU 22 when the engine 1 is turned off. Therefore, the water coolant 
temperature does not drop in the cylinder block lb due to heat conduction. Furthermore, 
water coolant does not circulate in the bypass channel 23 d since the shut-off valve 39 is 
closed by the signal from the ECU 22 when the engine is turned off. Therefore, water 
coolant always conducts heat in the head-side water jacket 23a before returning to the 

15 regenerator 10. 

[0110] Then the water coolant, whose temperature is lowered by heat conduction in 
the head-side water jacket 23a, reaches the electric water pump 12 after flowing out of the 
cylinder block lb and flowing through the regenerator inlet-side channel CI. 

[0111] As described above, the ECU 22 performs the engine-preheating control of 
20 the cylinder head la by activating the electric water pump 12 prior to starting the engine 1. 

[0112] In this connection, the water coolant (heated water), which is stored in the 
regenerator 10, is supplied to not only the cylinder head la but also to the cylinder block lb 
according to the system applying to the present embodiment, in other words, heat-exchanging 
system between the engine 1 and the regenerator 10 by circulating the water coolant in both 
25 the engine 1 and the regenerator 10. Therefore, unnecessary heat is supplied to cylinder 
block lb which increases heat consumption in the regenerator 10. Then the heat stored in 
the regenerator 10 is consumed in a short period due to the increased heat consumption. 
Therefore, the period of possible warming up the cylinder head la is shortened. 

[0113] To obviate the above-mentioned problem, the shut-off valve opens not to 
30 circulate water coolant into the cylinder block lb when heat supply is carried out according to 
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the present embodiment. Unnecessary heat consumption can be decreased when water 
coolant does not circulate into the cylinder block lb. Therefore, the period of possible 
supplying heat to the cylinder head la can be shortened. 

[0114] The following explains the control flow when the above-described engine- 
5 preheating control is performed. 

[0115] The Fig. 4 is the flow chart which shows the flow of the engine-preheating 
control. At a step SI 01, the ECU 22 is activated and starts performing the present control 
when a trigger signal is inputted in the ECU 22. Door opening and closing signals of a 
driver's- side door transmitted from a door opening and closing sensor (not shown) can be 

10 presented as an example of a trigger signal. To start the engine 1 installed on a vehicle, a 
driver naturally opens a door to get in a vehicle before starting the engine. Therefore, the 
ECU 22 is connected to a door opening and closing sensor so that the ECU 22 is activated and 
start performing the engine-preheating control when the door opening and closing sensor 
detects that the door is opened. Then the engine is warmed up when the driver starts the 

15 engine 1 . 

[0116] At a step S102, the CPU 351 closes the shut-off valves 31, 38, and 39 by 
transmitting signals to these valves. 

[0117] At a step SI 03, whether the engine-preheating performing conditions are 
met is determined. Output signals of the in-engine water coolant temperature sensor 29 are 
20 utilized as a factor for the determining. The CPU 351 calculates water coolant temperature 
in the water jacket 23 Tw. Then the CPU 351 determines whether the calculated temperature 
is lower than a predetermined temperature (45°C, for example). When the CPU 351 
determines that the calculated temperature is lower than the predetermined temperature, that 
leads to going to a step SI 04 to circulate water coolant into the engine 1 . When the CPU 
25 351 determines otherwise, that leads to going to a step SI 09 without circulating water coolant. 

[0118] At this time, in other words, when the temperature in the water jacket 23 is 
higher than the predetermined temperature (45°C, for example), the engine-preheating of the 
engine 1 is not performed due the following two reasons. 

[0119] The first reason is that it is not effective to circulate water coolant. The 
30 second reason is that power consumption needs to be decreased. The electric power to 
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operate the electric water pump 12 is supplied from the battery 30 installed in the vehicle. 
However, the amount of electric power is limited. Therefore, it is important to decrease 
power consumption. 

[0120] At the step SI 04, the CPU 351 inputs output signals from the in-regenerator 
5 water coolant temperature sensor 28 by accessing RAM 353. 

[0121] At a step SI 05, the CPU determines the operating time of the electric water 
pump 12 Tpt according to output signals from the in-regenerator water coolant temperature 
sensor 28. The output signals from the in-regenerator water coolant temperature sensor 28 
and the operating time of the electric water pump 12 are turned into maps beforehand and the 
10 maps are stored in the ROM 352. The CPU 351 calculates the operating time of the electric 
water pump 12 according to the output signals from the in-regenerator water coolant 
temperature sensor 28 and the maps. The calculation result is stored in the RAM 353. 

[0122] At a step SI 06, the CPU 351 activates the electric water pump 12 by 
supplying electric power to the electric water pump 12. 
15 [0123] At a step S107, the CPU 351 determines whether the calculated time at the 

step SI 05 passes or not since the electric water pump 12 is activated at the step SI 06. The 
CPU 351 detects the elapsed time since the electric water pump 12 is activated by accessing 
the RAM 353. When the elapsed time is longer the calculated time at the step 105, that leads 
to going to a step S108. When the elapsed time is shorter the calculated time at the step 105, 
20 that leads to going to the step SI 06 and the electric water pump 12 is operated continuously. 

[0124] At the step SI 08, the CPU 351 stops operating the electric water pump 12. 
[0125] At the step SI 09, the CPU 351 determines whether the engine 1 is started or 
not. CPU 351 can determine whether the engine 1 is started or not by accessing RAM 353 and 
receiving output signals from the crank position sensor 27. When the CPU 351 determines 
25 that the engine 1 is running, that leads to going to a step SI 13. The water coolant circulation 
in the head-side water jacket 23 when the engine 1 is running is in the opposite direction to 
the water coolant circulation when the engine 1 is turned off since the water pump 6 starts 
spurting out water coolant when the engine 1 is started. On the other hand, when the CPU 
351 determines that the engine 1 is not running, that leads to going to a step SI 10 due to the 
30 possibility that warming up the engine 1 again is necessary after the temperature of the engine 
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1, which is warmed up from the step SI 06 through the step SI 08, is lowered. 

[0126] At the step S110, the CPU 351 determines whether the voltage of the battery 
30 is higher than a predetermined voltage (12V, for example) of not. When the CPU 351 
determines that the voltage of the battery 30 is higher than the predetermined voltage, that 
5 leads to going to a step Sill. When the CPU 351 determines otherwise, that leads to going 
to the step SI 09 without activating the electric water pump 12 due to the following reason. 
The reason is that if the electric water pump 12 is activated in this case, the voltage of the 
battery 30 falls further so that it is difficult to start the engine 1 . 

[0127] At the step Sill, the CPU 351 inputs output signals from the in-regenerator 
10 water coolant temperature sensor 28 and the in-engine water coolant temperature sensor 29 by 
accessing RAM 353. 

[0128] At a step 1 12, the CPU 351 determines whether the performing conditions 
of preheating the engine 1 again are met. Output signals from the in-regenerator water 
coolant temperature sensor 28 and the in-engine water coolant temperature sensor 29 are 

15 utilized as factors for the determining. The CPU 351 calculates water coolant temperature in 
the water jacket 23 Tw. Then the CPU 351 determines performing condition 1 which is 
whether the calculated temperature is lower than a predetermined temperature (30°C, for 
example). Also, the CPU 351 determines performing condition 2 which is whether water 
coolant temperature in the regenerator 10 Tth is higher than the water coolant temperature in 

20 the water jacket 23 Tw according to the output signals from the in-regenerator water coolant 
temperature sensor 28 and the in-engine water coolant temperature sensor 29. When the 
CPU determines that both two performing conditions are met, that leads to going to the step 
S 105 to warm up the engine 1 . When the CPU determines otherwise, that leads to going to 
the step SI 09 without circulating water coolant. When the CPU determines that both two 

25 performing conditions are not met, it is not effective to circulate water coolant. Water 
coolant temperature in the water jacket 23 Tw and temperature in the engine 1 falls if the 
water coolant temperature in the regenerator 10 Tth is higher than the water coolant 
temperature in the water jacket 23 Tw and the electric water pump 12 is activated. To avoid 
this status, activation of the electric water pump 12 is not provided at this step. 

30 [0129] At the step S 1 1 3, the CPU 3 5 1 opens the shut-off valve 39 by transferring 
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signals to the valve. The water pump 6 starts spurting out water coolant when the engine 1 
is started. If the shut-off valve is opened at this time, the water coolant flow through the 
bypass channel 23d and circulates in the circulation channel D. At a step SI 14, whether a 
switch of a blower for a heater (not shown) is on is determined. At this time, water coolant 
5 does not circulate in the heater core 13 since the shut-off valve 3 1 is closed. At this time, air, 
which is not supplied heat from the heater core 13, passes the heater core 13 without being 
warmed even the blower for the heater is activated. Therefore, temperature in a 
compartment does not rise. To avoid this status, water coolant circulates in the heater core 
1 3 by opening the shut-off valve 3 1 . When the CPU 351 determines that the switch of the 

10 blower for the heater (not shown) is on, that leads to going to a step SI 15. When the CPU 
351 determines otherwise, that leads to going to a step SI 17. 

[0130] At the step S 1 1 5, the CPU 351 determines whether water coolant 
temperature in the water jacket 23 Tw is higher than a predetermined temperature according 
to the output signals from the in-engine water coolant temperature sensor 29. When this 

15 condition is met, that leads to going to a step SI 16 to supply heat to the heater core 13. 

When this condition is not met, that leads to going to the step SI 14. Then water coolant 
does not circulate in the heater core 13 since it is not effective to circulate water coolant. 

[0131] At the step SI 16, the CPU 351 opens the shut-off valve by transferring 
signals to the valve. Water coolant circulates in the circulation channel B, when the shut-off 

20 valve is open. At this time, the water coolant does not circulate in the circulation channel A 
since the coolant temperature is not reaching the opening valve temperature of the thermostat 
8. 

[0132] At the step SI 17, the CPU 351 determines whether water coolant 
temperature in the water jacket 23 Tw is higher than a predetermined temperature according 
25 to the output signals from the in-engine water coolant temperature sensor 29. When this 
condition is met, that leads to going to a step S 1 1 8. When this condition is not met, that 
leads to going to the step SI 14 to circulate water coolant in the head-side water jacket 23a 
intensively to raise the water coolant temperature. 

[0133] At the step SI 1 8, the CPU 351 opens the shut-off valve 38 by transferring 
30 signals to the valve. At this time, drawbacks such as deterioration of exhaust gas emission 
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due to low-temperature water coolant has been improved since the water coolant temperature 
in the cylinder head la is raised sufficiently. When the shut-off valve 38 is open, water 
coolant circulates in the cylinder block lb and the water coolant exchanges heat with the 
entire engine 1 . 

5 [0134] Then the engine-preheating control is finished, and normal running control 

is started. As explained above, intensive raising temperature of the cylinder head la is 
possible by opening and closing the shut-off valves 3 1,3 8, and 39 when the engine 1 is turned 
off according to the present embodiment. Therefore, keeping raising temperature of the 
cylinder head la for a long period is possible by raising temperature of a part such as the 
10 cylinder block lb where raising temperature is less needed and restraining heat consumption 
in the regenerator 10. 

[0135] Furthermore, the amount of heat accumulated in the regenerator 10 can be 
decreased since the heat accumulated in the regenerator 10 can be utilized effectively. 
Therefore, downsizing the regenerator 10 and shortening time to supply heat is possible. 

15 

THE SECOND EMBODIMENT 

[0136] The following is the differences between an engine 1 equipped with the 
regenerator 10 according to the present embodiment and the engine 1 according to the first 
embodiment. 

20 [0137] All the shut-off valves 3 l,38,and 39 are electromagnetic valves which open 

and close according to the signals from the CPU 351 according to the first embodiment. On 
the other hand, a check valve 41, which passes water coolant only in one direction, is 
provided instead of the shut-off valve 38 according to the second embodiment. 

[0138] As shown in Fig. 5, water coolant can pass from cylinder block lb to the 

25 cylinder head la. 

[0139] The following is how water coolant circulates in the engine 1 with the 
regenerator 1 0 formed according to the above description. Water coolant circulates in the 
head-side water jacket 23a, the connecting channel 23c, the block-side water jacket 23b, and 
the bypass channel 23d when the engine 1 is running since the water coolant circulates in the 

30 directions of the arrows shown in Fig. 5. In this case, the water coolant, which flows 
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through the connecting channel 23c, can pass the check valve 41 . 

[0140] On the other hand, water coolant circulates in the directions of the arrows 
shown in Fig. 3 when the engine 1 is turned off and heat needs to be supplied to the engine 1 
by circulating water coolant. The water coolant, which flows into the cylinder head la from 
5 the radiator inlet-side channel Al, does not flow through the bypass channel 23d since the 
shut-off valve is closed. And water coolant does not pass the check valve 41 and flow into 
the block-side water jacket 23b since the circulation direction of the water coolant is opposite 
to the allowable circulation direction of the check valve 41. The basic composition relating 
to other hardware is substantially identical to the basic composition relating to other hardware 

10 according to the first embodiment. Therefore, the explanation of the basic composition 
relating to other hardware is omitted. 

[0141] According to the present embodiment, the shut-off valves 31 and 39 are 
closed at a step corresponding to the step SI 02 in the flow chart shown in Fig. 4 according to 
the first embodiment. And it is not necessary to perform the controls at the steps SI 17 and 

15 S118. 

[0142] As described above, simplifying controls and devices is possible since the 
number of the shut-off valves which need to be controlled is less than the number of the ones 
in the engine 1 with the regenerator 10 according to the first embodiment. 

[0143] As described above, intensive raising temperature of the cylinder head la is 
20 possible by opening and closing the shut-off valves 3 land 39 when the engine 1 is turned off 
according to the present embodiment. Therefore, keeping raising temperature of the cylinder 
head la for a long period is possible by raising temperature of a part such as the cylinder 
block lb where raising temperature is less needed and restraining heat consumption in the 
regenerator 10. 

25 [0144] Furthermore, the amount of heat accumulated in the regenerator 10 can be 

decreased since the heat accumulated in the regenerator 10 can be utilized effectively. 
Therefore, downsizing the regenerator 10 and shortening time to supply heat is possible. 

[0145] The check valve 41 can be replaced by a pressure-sensing valve or a 
thermostat valve according to the present embodiment. 

30 [0146] A pressure-sensing valve opens when a difference in pressure before and 
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after the pressure-sensing valve reaches no less than a predetermined value. If a pressure- 
sensing valve is utilized according to the present embodiment, the valve has to meet the 
following conditions. The first condition is that a differential pressure before and after the 
pressure-sensing valve when the electric water pump 12 is activate and engine 1 is turned off 

5 is smaller than an open valve differential pressure of the pressure-sensing valve. The second 
condition is that a differential pressure before and after the pressure-sensing valve when the 
engine 1 is running is larger than an open valve differential pressure of the pressure-sensing 
valve. In other words, a pressure-sensing valve which opens automatically when heat is 
supplied from the regenerator 10 and opens automatically when the engine 1 is running. A 

10 pressure-sensing valve which meets the above conditions is as effective as the check valve 41. 

[0147] On the other hand, a thermostat valve opens at temperatures no less than a 
predetermined temperature. If a thermostat valve is utilized according to the present 
embodiment, the valve has to meet the following condition. The condition is that the 
thermostat does not completely close even when water coolant temperature is low. Then a 

15 small amount of water coolant can pass the thermostat. As a result, the thermostat valve 

does not open and a small amount of water coolant flows into the block-side water jacket 23b 
when the engine 1 is turned off and heat is supplied from the regenerator 10 since the water 
coolant with lower temperature than an open valve temperature of the thermostat circulates. 
At this time, the amount of heat supplied to the cylinder block lb is restrained since a small 

20 amount of water coolant flows through the block-side water jacket 23b. Then the water 

coolant temperature, which passes the thermostat valve, rises when the engine 1 is started and 
water coolant temperature rises. As a result, thermostat valve automatically opens and a 
large amount of water coolant flows through the block-side water jacket 23b. As described 
above, a thermostat which meets the above condition is as effective as the check valve 41. 

25 [0148] Furthermore, the shut-off valve 3 1 can be replaced by a thermostat valve 

according to the present embodiment. The open valve temperature of the thermostat should 
be set lower than the open valve temperature of the thermostat 8. 

THE THIRD EMBODIMENT 
30 [0149] The following is the differences between an engine 1 equipped with the 
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regenerator 10 according to the present embodiment and the engine 1 according to the first 
embodiment. 

[0150] All the shut-off valves 31,3 8,and 39 are electromagnetic valves which open 
and close according to the signals from the CPU 351 according to the first embodiment. On 
5 the other hand, a check valve 42, which passes water coolant only in one direction, is 
provided instead of the shut-off valve 38 according to the third embodiment. 

[0151] As shown in Fig. 6, water coolant, which flows into the bypass channel 23 d, 
can pass from the cylinder block lb to the heater core outlet-side channel B2. 

[0152] According to the present embodiment, the circulation direction of the water 
10 coolant, which flows through the circulation channel C, reverses when heat is supplied to the 
engine 1 from the regenerator 10. In other words, the water coolant in the water jacket 23, 
when the engine 1 is running, flows in the same direction of the water coolant in the water 
jacket 23 when heat is supplied from the regenerator 10: 

[0153] The circulation channel C includes the regenerator inlet-side channel CI, the 
15 regenerator outlet-side channel C2, and the regenerator 10. The following is how the 
circulation channel C is connected. One end of the regenerator inlet-side channel CI is 
connected to a point midway of the radiator inlet-side channel Al. A channel from the 
cylinder head la to the connection described above is shared by the circulation channel A and 
B. One end of the regenerator outlet-side channel C2 is connected to the outlet of the 
20 regenerator 10. The other end of the regenerator outlet-side channel C2 is connected to a 
point midway of the radiator outlet-side channel A2. 

[0154] The basic composition relating to other hardware is substantially identical to 
the basic composition relating to other hardware according to the first embodiment. 
Therefore, the explanation of the basic composition relating to other hardware is omitted. 
25 [0155] In the engine 1 with the regenerator 10, which is formed according to the 

above description, some of the water coolant, which flows through the radiator inlet-side 
channel Al, flows into the regenerator inlet-side channel CI when the electric water pump is 
operated. The water coolant, which flows into the regenerator inlet-side channel CI, reaches 
the electric water pump 12 after flowing through the regenerator inlet-side channel CI. The 
30 electric water pump 12 is driven according to the signals from the ECU 22 and spurts out 
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water coolant with a predetermined pressure. 

[0156] Then the water coolant is spurted out of the electric water pump 12 and 
reaches the regenerator 10 after flowing through the regenerator inlet-side channel CI and 
passing the check valve 1 1 . 
5 [0157] Then the water coolant, which flows out of the regenerator 10, flows into 

the heater core outlet-side channel B2 after passing the check valve and flowing through the 
regenerator outlet-side channel C2. 

[0158] Water coolant circulates in the head-side water jacket 23a, the connecting 
channel 23c, the block-side water jacket 23b, and the bypass channel 23d when the engine 1 is 
10 running since the water coolant circulates in the directions of the arrows shown in Fig. 6. In 
this case, the water coolant, which flows through the connecting channel 23d, can pass the 
check valve 42. 

[0159] Fig. 7 shows the circulation directions of water coolant when the engine is 
turned off and water coolant needs to be circulated to supply heat. Water coolant circulates 

15 in the directions of the arrows. 

[0160] The water coolant, which flows through the heater core outlet-side B2, 
cannot pass the check valve 42 since the water coolant reaches from the direction opposite to 
the allowable circulation direction of the check valve 42. The water coolant, which flows 
into the cylinder block lb from the heater core outlet- side channel B2, flows through the 

20 head-side water jacket 23a and supply heat to the cylinder head la. At this time, water 
coolant does not flow into the block-side water jacket 23b since the shut-off valve 38 is 
closed. 

[0161] The water coolant, which supplies heat to the cylinder head la, reaches the 
electric water pump 12 after flowing through the radiator inlet-side channel Al . At this time, 
25 water coolant does not flow into the heater core 13 and drop its temperature since the shut-off 
valve 3 1 is closed. And water coolant does not pass the radiator 9 and drop its temperature 
since the thermostat 8 is closed. 

[0162] According to the present embodiment, the shut-off valves 3 1 and 38 are 
closed at a step corresponding to the step SI 02 in the flow chart shown in Fig. 4 according to 
30 the first embodiment. And it is not necessary to perform the control at the step SI 13. 
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[0163] As described above, simplifying controls and devices is possible since the 
number of the shut-off valves which need to be controlled is less than the number of the ones 
in the engine 1 with the regenerator 10 according to the first embodiment. 

[0164] As described above, intensive raising temperature of the cylinder head la is 
5 possible by opening and closing the shut-off valves 3 land 38 when the engine 1 is turned off 
according to the present embodiment. Therefore, keeping raising temperature of the cylinder 
head la for a long period is possible by raising temperature of a part such as the cylinder 
block lb where raising temperature is less needed and restraining heat consumption in the 
regenerator 10. 

10 [0165] Furthermore, the amount of heat accumulated in the regenerator 10 can be 

decreased since the heat accumulated in the regenerator 10 can be utilized effectively. 

Therefore, downsizing the regenerator 1 0 and shortening time to supply heat is possible. 
[0166] Like the second embodiment, the check valve 42 can be replaced by a 

pressure-sensing valve or a thermostat valve according to the present embodiment. 
15 [0167] Furthermore, the shut-off valve 3 1 can be replaced by a thermostat valve 

according to the present embodiment. The open valve temperature of the thermostat should be 

set lower than the open valve temperature of the thermostat 8. 

THE FOURTH EMBODIMENT 
20 [0168] The following is the differences between an engine 1 equipped with the 

regenerator 10 according to the present embodiment and the engine 1 according to the first 
embodiment. 

[0169] According to the first embodiment, the circulation channel C and the 
circulation channel D are independent of each other except that these two circulation channels 
25 share a section. On the other hand, a circulation channel C and a circulation channel D 
completely share each other so that the whole these two circulation channels are common. 
In other words, the circulation channel C according to the first embodiment also has the 
function of the circulation channel D. 

[0170] In the engine 1 with the regenerator 10, which is formed according to the 
30 above description, water coolant circulates in the head-side water jacket 23a, the connecting 
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channel 23c, the block-side water jacket 23b, and the regenerator 10 when the engine 1 is 
running. 

[0171] Fig. 8 shows the circulation directions of water coolant. When the engine 
1 is running, water coolant circulates in the directions of the arrows shown in Fig. 8. 
5 [0172] On the other hand, Fig. 9 shows the circulation directions of water coolant 

when the engine 1 is turned off and heat needs to be supplied by circulating water coolant. 
And water coolant circulates in the directions of the arrows shown in Fig. 9. At this time, 
water coolant does not circulate in the heater core 13 since the shut-off valve 3 1 is closed. 
And water coolant does not circulate into the radiator 9 since the thermostat 8 is closed. 
10 Furthermore, water coolant does not circulate in the block-side water jacket 23b since the 
shut-off valve 38 is closed. 

[0173] The basic composition relating to other hardware is substantially identical to 
the basic composition relating to other hardware according to the first embodiment. 
Therefore, the explanation of the basic composition relating to other hardware is omitted. 
15 [0174] According to the present embodiment, the shut-off valves 3 1 and 38 are 

closed at a step corresponding to the step SI 02 in the flow chart shown in Fig. 4 according to 
the first embodiment. And it is not necessary to perform the control at the step SI 13. 

[0175] As described above, simplifying controls and devices is possible since the 
number of the shut-off valves which need to be controlled is less than the number of the ones 
20 in the engine 1 with the regenerator 10 according to the first embodiment. 

[0176] As described above, intensive raising temperature of the cylinder head la is 
possible by opening and closing the shut-off valves 3 land 38 when the engine 1 is turned off 
according to the present embodiment. Therefore, keeping raising temperature of the cylinder 
head la for a long period is possible by raising temperature of a part such as the cylinder 
25 block lb where raising temperature is less needed and restraining heat consumption in the 

regenerator 10. And simplifying devices are possible since due to the commonization of the 
circulation channels C and D. 

[0177] Furthermore, the amount of heat accumulated in the regenerator 10 can be 
decreased since the heat accumulated in the regenerator 10 can be utilized effectively. 
30 Therefore, downsizing the regenerator 10 and shortening time to supply heat is possible. 
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[0178] According to the present embodiment, the shut-off valve 3 1 can be replaced 
by a thermostat valve. The open valve temperature of the thermostat should be set lower 
than the open valve temperature of the thermostat 8. 

THE FIFTH EMBODIMENT 

[0179] Fig. 10 shows a schematic view of an engine 1 with the regenerator 10 
according to the present embodiment and water coolant circulation channels A, B, C, and D 
through which water coolant as the heat medium flows. The arrows on the circulation 
channels show the circulation directions of water coolant when the engine 1 is running. 

[0180] The following is the differences between an engine 1 equipped with the 
regenerator 10 according to the present embodiment and the engine 1 according to the first 
embodiment. 

[0181] The engine 1 equipped with the regenerator 10 according to the present 
embodiment includes the connecting channel CO which connects the cylinder head la with 
regenerator inlet-side channel CI . A shut-off valve 40, which opens and closed according to 
the signals from the ECU 22, is located midway of the connecting channel CO. The shut-off 
valve 40 is closed when heat is supplied to the engine 1 and opened when the engine 1 is 
running. And each connecting channel 23c, which connects head-side water jacket 23a with 
block-side water jacket 23b in the engine 1, includes the check valve 41 . The check valve 41 
allows water coolant to circulate from cylinder block lb to cylinder head la. 

[0182] The basic composition relating to other hardware is substantially identical to 
the basic composition relating to other hardware according to the first embodiment. 
Therefore, the explanation of the basic composition relating to other hardware is omitted. 

[0183] In the circulation channels formed according to the above description, the 
shut-off valve 40 is closed when the engine 1 is running. And the water coolant circulation 
is carried out like the water coolant circulation according to the first embodiment. 

[0184] Fig. 11 shows the circulation channels and the circulation directions of 
water coolant when the engine 1 is turned off and heat needs to be supplied to the engine 1 
from the regenerator 10. The water coolant in the head-side water jacket 23a, when the 
engine 1 is running, flows in the opposite direction of the water coolant in the head-side water 
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jacket 23a when heat is supplied from the regenerator 10 to the engine 1 . 

[0185] The shut-off valves 31 and 38 are closed and the shut-off valve 40 is opened 
by the ECU 22 when the engine-preheating control is performed. The electric water pump 
12 is driven according to the signals from the ECU 22 and spurts out water coolant with a 
5 predetermined pressure. The spurted out water coolant reaches the regenerator 10 after 
flowing through the regenerator inlet-side channel C 1 and passing the check valve 11. At 
this time, the water coolant, which flows into the regenerator 10, is the water coolant whose 
temperature is lowered when the engine 1 is turned off. 

[0186] The water coolant, which is stored in the regenerator 10, flows out of the 

10 regenerator 10 through the water coolant extraction tube lOd. At this time, the water coolant, 
which flows out of the regenerator 10, is the water coolant which is insulated by the 
regenerator 10 after flowing into the regenerator 10 when the engine 1 is running. The water 
coolant, which flows out of the regenerator 10, flows into the cylinder head la after passing 
the check valve 1 1 and flowing through the regenerator outlet-side channel C2. When the 

15 engine 1 is turned off, water coolant does not circulate in the heater core 13 since the shut-off 
valve 3 1 is closed according to the signal from the ECU 22. And when water coolant 
temperature is higher than the opening valve temperature of the thermostat 8, it is not 
necessary to supply heat from the regenerator 10 to the engine 1. In other words, when 
water coolant circulates and the engine 1 is turned off, the thermostat 8 is always closed. 

20 Therefore, the water coolant temperature does not drop due to heat conduction since water 
coolant does not circulate in the heater core 13 and the radiator 9. 

[0187] The water coolant, which flows into the cylinder head la, flows through the 
head-side water jacket 23a. The cylinder head la exchanges heat with the water coolant in 
the head-side water jacket 23. Some of the heat from the water coolant is conducted to the 

25 interior of the cylinder head la and the temperature of the entire cylinder head la rises. As a 
result, the temperature of the water coolant drops due to heat loss. At this time, water 
coolant does not circulate in the block-side water jacket 23b since the check valve 41 does not 
allow water coolant to flow from the head-side water jacket 23a to the block-side water jacket 
23b. Therefore, the water coolant temperature does not drop in the cylinder block lb due to 
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[0188] Furthermore, water coolant does not circulate in the bypass channel 23d 
since the shut-off valve 39 is closed by the signal from the ECU 22 when the engine is turned 
off. Therefore, water coolant always conducts heat in the head-side water jacket 23a before 
returning to the regenerator 10. 
5 [0189] . As described above, the water coolant, whose temperature is lowered by 

heat conduction in the head-side water jacket 23a, flows into the connecting channel after 
flowing out of the cylinder head la. Then the water coolant passes the shut-off valve 40 and 
flows into the regenerator inlet-side CI since the shut-off valve 40 located midway of the 
connecting channel CO is closed. The water coolant, which flows through the regenerator 
10 CI, reaches the electric pump 12. As described above, temperature of the cylinder head la 
can be raised by activating the electric water pump 12 when the engine 1 is turned off. 

[0190] According to the present embodiment, the shut-off valves 3 1 and 39 are 
closed and the shut-off valve 40 is opened at a step corresponding to the step S102 in the flow 
chart shown in Fig. 4 according to the first embodiment. And the shut-off valve 39 is 
15 opened and the shut-off valve 40 is closed at a step corresponding to the step SI 13. In this 
connection, it is not necessary to perform the controls at the steps SI 17 and SI 18. 

[0191] As described above, intensive raising temperature of the cylinder head la is 
possible by opening and closing the shut-off valves 31, 39 and 40 when heat is supplied from 
the regenerator 10 according to the present embodiment. Therefore, keeping raising 
20 temperature of the cylinder head la for a long period is possible by raising temperature of the 
cylinder block lb and restraining heat consumption in the regenerator 10. 

[0192] And the amount of heat accumulated in the regenerator 10 can be decreased 
since the heat accumulated in the regenerator 10 can be utilized effectively. Therefore, 
downsizing the regenerator 10 and shortening time to supply heat is possible. 
25 [0193] According to the present embodiment, the check valve 41 can be replaced 

by valves such as a electromagnetic valve, a pressure-sensing valve, and a thermostat valve. 

[0194] And the shut-off valve 39 is replaced by a pressure-sensing valve or a 
thermostat valve according to the present embodiment. 

[0195] Furthermore, the shut-off valve 3 1 can be replaced by a thermostat valve 
30 according to the present embodiment. The open valve temperature of the thermostat should 
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be set lower than the open valve temperature of the thermostat 8. 

[0196] In each internal combustion engine with the regenerator according to each 
embodiment described above, dropping temperature of each internal combustion engine for a 
long period can be restrained by intensively supplying heat to a part where heat supply is 
5 needed even when starting each internal combustion engine is delayed for some reason. 

[0197] As described above, deterioration of exhaust gas emission can be restrained 
since each internal combustion engine can be started under a high temperature according to 
each embodiment. 
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